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In Fgare !, 8 schemalic vyerview of the RF power dedivey sysmem is presemtaxd. A Lucite ¢linder with a single ring

of #ight Hpole anternas cormexed |n pareile palrs yio & reclly over o s G scue sareoma of e lower | eg, 68 shown |
in #hgury 7, Doring restmes i of Crems 1 and 11, the gppdicalot was podhtioned bdow the pulent™s keee, Fllers and !
mmlching, feed metwerk were designed o deliver vp Lo 30 'W per dipele pair o e frenquency of 140 MHL Frequency |
aeention is a trade-off betwesn bem 2ize anid peoertraion depth. Higher froquoncion herve srmller bem widths g i
shores pemcralion deptha. A walsr bolua was used to retuce concomitant hol spots and W {mprove te refation |
eilficency of the electriclly shor dipolen. Water 2 an |deat wavegulde redlum for two reaona Flo, | desidal
proparles are cloadly matcied to thal of nman dermis s the epolled energy can be waremitsted heough @ e 1umar.

rperance mismalchey amd chingey of wenthngth &l diclacttie interface ow s rellections snd hot spota, Second, ‘
wrier hras g high Y=l capeity amd is sherefore an exeellem thermad coolam of the skin sl

M aqring Temprratore @ Coofirm Simolstion Reyoity

nforrmation shout eath Sruclure and larget voltmme of 3 pation| cen b pbtained by ufll1Zing commiad megraphy

{CT) or oiher meedical Tmeging maoualiti=s, aa hywn in Flgory 3. The mmoma tomor, (acaled in the pakemt s lower

It s sorrowmded By & water bolus inside a 26 om dismetes, lour-amenna phassdarray appl icatar, The o |y ;
cupdine. The tumost regson |5 [ ncicated by white srrgws bn Chis Aludy, rwer Interstiticl lemperature probes were in st |
imo the turmmr o surroundeg houltry Grare, Thes local probes woe wsed o con fhm te 4 mulalon e,
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Simulstiow Mrihods 2rd Procedare

Drue o the reoent edvent of accamde 10 electromagneiic and thermal simu lation s fiwart: PRorgrame, pre-ureaimont
plarming of complex hetorogenenys s reglons is aow poasitle. ¥l e aroous smey end sme properdes e
enterey imo et Ebd 5 ey with aparoprits geomey, and speciflo gheorption rae {SAR) et Hons e
caloulmed. Thewn AR dlstribu ions wan ten be suomasd cally fed imo a Wo-hest tranalt equation-beeed termal
solver o produce expocd 10 wemperatone distributiare in te e,

The simulalion wralegy i5:
Sep |: Use 3D FEM simubator (HF53) @ solve for EM figlds in the valume of rtores.

Step 1 Ineert the EM Aeld inputs fom HFS9 imo the 30 FEM trermodnam b simulwor {eFhysica) o produce
temperaczme & abfbulian from bio-hest bansier cuntion alou/alons i Ge yolume o Lnerost with aaaumeold

parfusion values thal breclet the expecied range in Wwmor and normel xsues,

Adthaugh exact Temperature maps o pol possible, dee o wpoonaln Hzswe pelosdon which vecies genlaliy end
mponi'y duding realment, Lo G40 and sl Temperaiere meps beip <limclan pro-plen dostge and avoid
patiEm hirl-5ps b, They el bwe techniciams o deermire approprite Meld emolitude end phasing, whish ws vsed o
cortrol beam sieeving, Stmylations alzo belp onglooo Ledl mew applicattr designs and provide educatiomal bnining
alds for pretreatmenl Panalng optimizadon of optiol hesting conll girations and sprosches,

In this study. an slectromegnelic md thermodymatic co-sfmulhan epproach uslng mxurme Ugsse propentics and
analtmy MM & compheu burman body model wes correlwed agema  rest measrements. The eifectivwe enorgy
owchange teiween Lhe power dedlvery ywiem and the wner is determined {nowo e Flom, o 30, Dnlie o amenl
o cctroermgretic simolalor is used o prodect te whecrio feld [n the tizwe mglon of Intereg: (that is the leg), The
solved clecwric fiedd date xre comrvened 1o SAR |nputd scoording to the following squatlon:

5&H=%-E-'Lf [%] (b

whee o iy the desue elecionl conductivily, p s Uhe tizae dens iy and £ s the electric field, n ibe seoond siep, the
SAR date Mom e electromagnede simulaior i g Hnksl" 10 2 thermodyrerls dirrmaiglor and the Ho-hel sl
enualon I3 s0]ved for changes in eamperawre (AT

P.Pn,:“f.!r_alnf&]'_la.pb.th.
F-[T-T,)+p-SAR {2

where T Is the tempetstiene (O, | la the lime (s, 7 b5 e | e density (kgm0 K i the termal conductivily {wim
+ 31, & 79 tha tiasue spovi fic e (14kg = K)0, T is e tood (low rEte or perfusion I_m:'r[hg * 5] am] the 1 bacripa 5™
reter o bload. This energy bademos {Equetion 17 relare b 19 in empergione over dme el s gjven region of interes
ig the heat mpuls {power depoaition or $AR) and bt |osses from berme! canduciion end canvectian ¢bfogd
perfuslem), A will b wworwn in Lhe ol caow rop | betow. the Bood perusion facior reproorae the greatest source
of uncetainty, Severs! [nldal muTarfon: v run w0 brackel ihe expoeted range of Wmaor perfitsion, Fgorer ¢
fumimarizes the cvemdl sfmulation somtegy.
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Figure 4 Surmmary af Limsion erategy.

Proceduores
Smp 1: Prodociog the EM Moda | snd Simaobliion

The sppl Iior whth pel red Apole antenmay s wning stu b feed retwork, wa first drwn in 2 medhanloal CAC
program. Tha druwing file was ramlated wrd imported into the electrommgmali o timulgior. The enilitude and ploss
impuLe Ly each dipohe were adj uslsd i optimum tumar focus. Nexd, 8 recendy raleascd 100-comporent humen body
mode] wi callad ty the EM slrmulmgr. To redoece simy leglon time, &) mon-cesemtial disl txody componenty such &
heact or prmia were doefoared {wrmed ofT),

& madel of the sarcofra bowdng (e was croaced Rarting from & “gereric patlem™ cormputed tomegraphy (CT)
charshwese e which e tumoer yidume wis Inseried al (e appropriale Toadion. Th decirical propeydes wore anteved
for hech componen ol the meded nd the EM Smulstion Icitlatad, The FEM-baeresd EM stmu letor Gt procusos «
\etrshertral mesh for carh modsl componem waing an sdapi v meshing algpritm. This algortm automadcally adds
mate tetrahodns i reglons exerencing lerge chargo in the olectric and magnetic Ned quanilia heing solved. Once
e mesh 9 completa, thie (el solver solves Marwed|s equations br esth letrabatmn.

“The solved 3D Ebt [ield model |x then linked (- limkesf™) wp the 10 tharmodyramic solver. Data linking aligws
ctanges m e EM model, for example ampliludes and phaces fed i e dipole pairy, o be eramallcally updsted in
the 30 FEM therrmodynam i moded, The resulling Feld quentities o ihen oaed 10 prosdeee (e SAR inpula In the

Ihermodyren ¢ simulator.
Stap 2; Simautiion of the Theroodynamic Model
MATENIAL PROPERTIEY LS, S THE THIERASODTNAMIC SAULATION
T & e s e _.4___.._,..u_....._.,i e a e
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Appandiy A hioeetol
Propenden L in w Tresnocynamic Simuiaion

The thermodynemic simuldlar ures the e 1D appl icxzor-body rmoded as the EM simulator. A moh is produatd sd
thy t=mperaiure catges within mach trshodron ans derived a9 a8 Aeneion of tme, To comm ae te fermodyamic
model, matrial properties, Including mam deraliy, teomel wonductivity wnd sped e e for sach compenen wore
amiered. These data were derl ved (Tom & literature g i we sammir i In Appemea 4.7 When u range of
valuey apreared in (e literaiure, an average vaioe derlved From the g wad uicd In sddUon, e boloy wap
ersumss] Lo form a consant wemperetors tarmal sk, Bascd on poluy dmengomns snd te wolumetrc Now e of
whleEr within tha boloa, an inferiace {foroed comectd on boumsisry) temporerure of 280 vy assomed

Baseline blood perfusion valwes were derived from s 1ot m exuch and ore sommeizad i the Lable.'® Ty provide
2 more reallsoe model of verisblke Lisse perfuslon diring et mestwents, & temporaturs Sapenden] perfusion mgdel
wap crestend This model wes ued on perflsion: dam o & dog's prostatr: lkon om the CRC MawR ook of Thoma!
Engimeering. According o the model, Lbe perfusion feior F, In Equadon 2, vwas mulLiplisd by » mpersoure
gependent factor ranging, Mrom L o 131, This empature depeardent por st on model wisk el o soooum far e
clinfcal observaliom that perfusdon norezees in rexponms o gl bealing, by addidne, te porfusion value for U skin
layer wan assumed 1o increase by o Mector oF Ave when K skin |3 varmeod. H o, due ia 1o everall ma afihe
skin, thiy addlilors! porfusion had Jinde eifect on the simu aon hes i

Resul ix
Case |

The first case was used as 2 baseline io determine the comelalom betwien mesturement and simulmlon 44 shown
previausly, lwe in ily probe were wxd, The MTra was located cenmally withis the timor arid the exond waa pleced
In hcalthy tizsue Lo the leil of the bl Durimg te lirm | mineiey of lesaren, the fur dpoke prirs were dr(ven
with saqual ampditudey and phacey a1 140 MHe

This phesing resulied n a besm that was focuzed centrally [n the roughly cylindrical volume of Inlares and heated the

surroundng Ussue aimosl ﬁpl.ll:n’ cxczp s modiied by heterogeneous dectrical and thermal tissue properties,
Boxh tha Mecalthy dssue and mallgpam tssue were kealed

TUMOR: SIMULATION
TUMOR: MEASUREMENT
MUSCLE; SMULATION
MUSCLE: MEASUREMENT

8/26/2005 2:41 P



werth the Validation of 2 Comraerciel Hyperthermia Treaomere Plan...

g ok
0 2 4 & 8 10 12 14 16 18
TIME (MIN)
Figurs 8 Cooss | Termpesmery Chages in Lo
a mad s,

The torpers e datn For Lhe in sity probes B campared 1o the simulatlon resully in Figore 5. Here, the perfusion
values shown in U sable and dee emperature deendent modo! were wsed [0 ihe simulalon A hlgh comelwiton
between simciaron smd massurement wes found for boch te umor and Ure heal thy Grsue, These reulls wore

encowging s e [nverd gators srare sble k1 prosoed W s siseguent. mor complex clinicel tral,

Cuasn 11

MEASUREMENT SIMULATION

(EL|

RATURE CHANGE (°C)
N oW s W W oM W

n R . - . -
D 5 1D 15 20 15
Figaarn § Casm 11; 25 Mo wilh sl powis, SGLIS Dhinok.

In the sxoal clinical study, an aticmpl was made W maintsin 8 conme Emperswre Aze (2 te wmor by adjuming
the wial ingut power Lo the dipole palr daring the reatrment. Aa befors, e fowr dipele peira were driven with equal
power erxd phase. For Lhe firsl Iwo minutes, 3¢ W wero applind w each af te Mour dipele pairs. From minues Iwo @
Nwve, 20 W wore spplled, and ¢ on as indicated in Flgmre 8. Afer the reztmer, the sopd ked power changes wer
simulaped. An shown, Lhere |5 fairy Light @meletion between moasintment ad simul alion for the 1t 10 minules,
Therealer, for approximately Hye minutes, e corves begin o &fvorge. Evonwally, af epprosimately | ¥ minutes,
treraty realign, but with & Ly Gegret scpermion,

Adler ptudying the daia 2 Uheir sensibivity Lo various parameicrs. il wan posiulaled that the efTect of perfuyion ey
aill being underestimated —even with the lemperature dependent modd . Subsequent simolgion dodics were
performed 1o conflrm thla view.

CASE |

TUMOR: SIMULATION
TUMOR: MEASUREMENT
MUSCLE, SIMULATION
MO E. MEACHIDEMENT
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Figore T Tha offect of parision.

Simce the sngitivity study strong| y hinked thei Uee perfusion valuey were we low, and since e wes nol ciough
imRarmetion 1o indyde deailad modeTing of mmplcx aneries and vedm curing Lhis oind, an feralive serjes af
simulatiom was oondpcied with indreaying pecfusion factar. A marked Improvemant i e correlation in Crse 1
Wil oheved using 2 parfusion value tel was double the srjual valoe. Bogh cases were re-cimulaled with te new
e fsglon factors and compered io the mEared resuln, As dwown in Agasre 7, bolh casey demonnamd o marksd
improvemene in the corralrtion of simulated snd nessurcd dma,

Tl acuryica

A number of [nvestigallve pithways are neyrsring Tustres iz adjuvent mild hyperdwermla in tho Rght agains cancer.
Crilleal amang these j» Ihe development of simu latlon ols b sllow o inlclany the opporiunity Lo optimize by heet
doerge end prevent patlent bou spots, Tnypired by (he goal thal omg day rescarchery will be sble W accireicly predic
the Lempersrue distribulion b fere & clinks! yporthermie meximeni for cach parient, moch efTort has been done [0
et oo o1 compater modeling and simuladion. [ Ax wgied [t THE LANCET Oncology (Auguat, 2007}, The
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pertznilal 0 coveErod power diributions in viva e been significandy | mprovesd_ by the developmem of planning
Tyslema @ ather modzlimg 100ls,” These stmulatian wals sre sl belog used @ deaign mew epolicators and tmin the
next gereration of medical ressrchers.

To acieve thess goals, bwe steps ace required. The firss sep Is 1o determing uhe E-fdd dlsidbutlon in heterogeneous
ol mare, which, when couphed with respeed ve 1 ssue prope—tics, deirmines Whe power deposited por und volome o
s (SAR). Secondly, using the knowledge of spial and e depandem SAR distritution, cougred with te _
Uwermel propentics, one cn prodic the irmiem end sty gale lenpenture disiibenlons. leally. one nensds sccuraie i
patiem speci fic amalomlc and physiokogis tlsnue models and complo undersmwing of be decyicl and Thams! |
propertles of mealignam and simounding healdyy Hssue, Clesrly, & very compicx moded is required. However, iome of :
the crideal infarmagion Is not compdetedly known, such 28 blood perflision. Studies on bleod parfuson n lumons

ahorw Lhat Ihe vRlue varies slgnificanly with Hssue type, as well v empersiuee and cther physiclogie condition. ! |
But no ypesi fic value for human wmor can he [dent Med acourately bn advance. OF all thess Ausem, the ¢(Feor of local '
Tixsue tarpersturs on muscle parfusion | the codest to ssdy. Research in Lis srea has been done by di ferom
groups The Informazlon used herein for The emperture dependence o blood perfusion iy Fom the R Howdbepi
of Thermal! Enginaering, This reforence provides a [ew perfusion muhipllers for doga® proaias sy o rangs of
Lemperstures. In (hos sy, the initial perfasion incroasad |7 poreat when Wempersiome eacesded 19.56°C and §2
percznl when Wemrpersture reeched 41.79C.

Contluion
In this study, 8 novel coupled elestromagnetic and thermal simulaton procedure {5 desoribed i combines 30 FEM

ol ectromagnede and thermodynam b simul asors with an advenced uman body model e [ oo socurme
anmomic grometry and cormespondi ng Ussie propertles. An assumption of bemparsiure darerceni bivod perfudion
has been imvestigaiad. Twe clfnlcal hyperthermls Lrearments of an advenced soit Hxsue seroomma of the (g oo
simulamed wnd resylly contpared 19 Simel o, The comparison of simubsied wd messured thermal dan are ghawn
10 have & W gh degree ol coralnion IFbiood porfusion 13 conyidertd, proving the importance of perfusion modeling
[or clinhoad appicmlony,
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Sony Eritsson

SAR @ 900 MHz for 1 W accepted power
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Sony Ericsson

SAR @ 1800 MHz for 1 W accepted power
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Strategies for Effective Use of EM Simulation for
SAR

Part [: Sunadardy-complim Siomlations Using Finite Element Analysis

1. INTROCUCTION

The we of mobile add portable wirsless dovices continnes
to experience rapdd growth werkdwide.  [ntersction of
clecaamugnetic Gelds with e bumen bodY remainy a
prevalent Topic especilly dee to the health concerna over

Fae 26 P toafs i s 90 oo chpeauton
[ o mie
(SAR) that takes inbe aczoont the ficld injensity i eelation o
ﬂumltm:duuitr. Ellwu;lﬁmﬁi: ﬁ:ﬁl:imdwnnlm
1o be & uaafis) 100l for tha dup
Ay Ll bl gt
mzjority of thes simuktiony kave been perfored sing tools
Mmhﬁudﬁmwmmm

. SPECIFEC AHSCRPTICN RATE

SAH in defned oy 1he thoe rex of encygy sbvorbed in @
incremesats] mews, divided by thel ms. Awerage SAH in a
baody bs tho thmo rete of the (o] energy absarbed divided by tha
otd s of the body. Typhally SAR in reporied i wams par
Hiogram snd it is atarmed that the vakoe is caltokaed owsr
I gfomd of fiysm.

O-THI-8443-1/0VTALON ©

Lawronoe Willmos

Aoty Corporstion
Piiobargh, FA
iRyt 2o o

ML PAAHTTM MOCEL

Praoions ws wed fiy wiroless dyvits complincy raing
ko bokd a Lquld mixturs dod by repromctashy of nooe teos,
Tor plankxn aod Doid midowe ey Zporiaot Swtors for
detormivlag SAR yines e rize wd Lo propwiiey affecy
bow much eideal ey i sbecrted. The

probubility of procducing repesiable mowsorwoots by providing
pdalizs Fov pealticDing et Lesting the wirolsy dovico. An
cxmmnple of » oot plagom aodel ' g o Figore |

Fiygem | Eprpls tresss plantoo ol

Y. APPLTATIN oF HYES Poa BAR

Amoft HFSS it mn wheml mol fv simulsting whmley
dovices and cakulsing RAR. Thw finite clement metiad
utilizod by HFSS provides n robust condormal mesh generaine
that can solve Maxwell'y sopmtions for complex, arbitngily-
shaped chjects with devics and stctes in afbiieoy
i The methed allows Hroct represestation of ooy
Ipctrica in the frequency domein, Excitxtlon porty ome by
Inced anywhero within the mede) allowing wsers 10 stimulmie
eteciric and magnetic felda st poy user-defred Tocation.
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A, Spherical Phawor Volidatios

[ner i = 108 4+-5om
Thricknesy = 5+/-1. 5rm.
Opening = 2 = | Alpon
=45,

o axtroic: wisl G reiTent in 4 peemetrical Jipein
cumincing acconfing o G SCC 34, WA, “Spbericl
Flortom Experineytel Proincal, Dol 1.

Overall Laagh = L&k
Clap bt Olpoiet = |ron
Wire Dilertar = ).60ren

Thet Blloaring Ligmbd died ety lp propertion oo mexornd:

& = 4301 H-¥%

o = 0552 +-10%

p= 113 kg/m3 (For e BAR evalodiomna,
ttw duraity 'will be soromed in be | kptm¥s
Leval = df = 134 cm_

Fgeo 7. Sphwricsl plagnlirn it b g o comgiens with PIETD g

(o 30ane forams thene has bean tocution that the
mesh produced by HFSS might sdversoly affect the results of
the situistiobs. Themy compen Iave prizsrily boen made
du:ﬂw!:ihlqﬂ!ﬂ'lﬁh&ﬂuuhﬁndi‘s
symmeirx brick mcsh.  Perlorming simubsdions with the dipole
Tocated ot the Tof wad right ip of th bowl should yield the
smme xwwer dus 10 the symunciry of the mode! (idependont of
the mesh). FPorformiey bath simuistions reveaded that no
dizcernible mymmetrics wan produced in the result  This
sofutien syumidry bfwws che right and left posibions (for
HF58} domonstrates (hat the non-miform wweh genaraosd by
the adaptive meshing docs nol adversety wlfict the sizwietian
ryule. By using a non-eniform mesh Tl coformes o (o
model, Asoft HFSS concentrates tw vesb w the xrea of
intatust thereky inproving the officlency of the yokver.

Tabkt 2 provides i commrison botwess ooxrsd, FOTD,
wxi HFSS dewleioey Gr the mphericel peemean.  Wokds
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B SAM (Specifle Anthropomorphic Mannequing Fiontoo

Aomanrs conprehmnive anabysiz it obisined whee oing &
moe roalnk; rares bead phantom.  The [EEE has oosted 2
gtanderd b head phasrom for wse whes simuolating BAR in
the prewoooe of mdisting srocumss sss [EEE SCC34 P15S24-
2002 (Dl CD 1) - Do, 29, 2002), Figurn 3 comtadn Biaies
of the SAM phamom k modeled iy HFSS. Material properties
i thee 180G-2000 MEHZ range st modelod oiing £ = 400 sd
= 1.78 8/m,

Fgumt b Husm hedsl TAM gt (EEE SCCH FISZR200] & mobele]
in HPFES.

Simodations of the SAM mode] wers perforneed whing
“mowaie epreseatarion of a cellubar tclaphooe bandsrt  The
handeed is 3 “fip-phone™ deslgn with & helbx-Josded roooopale
ootk Figtow 4 Ix 20 image of tha HFSS mode] drploung the
orientstion of the handsot, The handset mode! mciodes the
catmina, LCD, PCR groend, and severs] other lwgo parfect

assigning L
;m:pm Fignre 3 is a close-up view of e handter antenna
and iy ooy feod port. Figure 7 s a plot of the avernga SAR on
a lime wvanting from dow bandest 1o |he ot of the SAM

W

T 4. 1 modad dxplcting oy arimpouice.
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V. CoNCLdiM
Futeraction of sktromsgneric fickds with to bumms budy

reing & prevahenl ke espechally dus o Gy heabty conosm
rver incricting celinier micpives ntxgs.  Flectromegootio Feld

O-TRION- B3| AR 20.00) & TEHR

slembation hex proved 1o be & pefid tool fie predicting SAR,
xnd tho vay majority of theas cimutattong have Boes performed
using tooks based an the finits diffsrence thie-dotmin (FEXTLY)
medhod. In this paper, it wen shown tht the fite clooent
method can be usod ko compute high-fdelity cuips of SAR. A

validation cess mxing 4 spherical phantom the: FEM
ax and simmlation using pliantem
madel demsonsirated the capacity to sobvo high-resolnficn cas.
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Ansoft HFSS Analysiy of Specific Absorption Rate for Flat Phantom
Measurement Standerd Outlined in IEEE P1523-2002:

Recommended Stendard for Determining the Spakial Peak Specific Absorpiian Rate
{SARY) in tho Human Head from Wireless Commumicasion Devices: Measurement
Technique
Matthew H. Comumens, Ph.D,
Applicutona Enginesr
Angft Corporarion
m
412-261-3200

The lable below summerizes the data from an Ansofi HFSS analysis of fal pbantom
madels as described in the [EEE drafl standard for SAR measurements,

HFSS results: Compared to measured data from Table 8-1 of paper

Freq. | 185AR | 1gSAR [ 10gSAR | 10gSAR | L5ARfo | LSAR® | LSAR2em | L SARZem |
(MHz) | Messured | HFSS vi1 | Measired | HFSS vil | Msasped | HFSSv)l | Measured | HFSS vl
300 1.06 3.05 2.07 2.05 4.63 4.61 2.29 216
45Q 4.98 +.93 3.31 3.30 1.5% 7.57 3.28 126
8§35 9.62 B.56 6.26 623 1471 1442 4.53 4.89
900 10.98 10.55 7.02 7.0% 17.01 1715 5.47 S.46
1430 29.83 2.7 16.50 16.48 53.90 §4.23 654 | 8IS
[ 1800 39.38 38.81 2047 19.99 74.3% 434 685 | 636
1500 40.97 40,92 21.2 21.10 78.02 7196 6.54 6.84
2450 35.42 $3.35 25.42 25.19 115.00 115.74 .09 749
3000 6531 65.78 26.48 26.42 157.66 159.21 8.8 43 |

In genemal there 19 excellent agreement between the HFSS simulations and metsarements,
The possible exception would be the Local SAR above the [eedpoint. This is likely due Lo
the use of 50 (2 lumped pap scurces as an approximation to the balun fead for the dipoles.

(neluded with this report is a fully parameterized HFSS v project with § separate HPSS

simulations. Two symmetry planes were exploited to reduce problem sizs.

Relevant datz for the analysis can be found in the paper;

Matenial data for brain tissue: Page 3%, Table 3-]
SAR resuls: Page 79, Tablc 8-1
Flet phantom and dipole measurement parameters: Page 70, Teble 3-2
Dipole dimensions: Page 146, Table .1
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SAR Assessment in a Human Head Model Expased to Radiation
from Moblie Phone Ueing FEM

3. Selim Sehar
Bogericd Univerairy, Eleetric-
Cletronic Engineerg Dopmriment,
Bebek, ytnnbul TR
o-na il scham@boun cduw br

Abestract

It iy tmppriod 1o be cbie o quaniify botk the absorption of
eleciomagrtic anergy in the humon body and the remilting
thermal gffect fr thiz stucdy. e Jpeclle asbrorpiion rae
{SAR) of slectromagmenk radiction fivm moblle phanes on
tha Inarmons et waay imeeatigaund

As it {s ned possible o parfaree N axperimnis on hiosas it
vive, the o heod ond the antewsa radised In 500 MFz
wane yowulated. In thiv sy, s sphricol swdel oz ringie
Frequency Sirvenge Steukxior, whick employ he fovite
elemend method (FEM), and the EM power abtorption roi
of iiszue way colowlatid by a C++ progrom. The pexvily were
compared with g rurully of the studies b the literstvre and
g gwod agroement was obtained.

To wvaburse e ofictency of the method, & ni beod way
dAvadgwd df G remdly were compored  wik W
expertmetiol ranits obtained from the in Wi expertwent
izt T O i o,

Maywyrdy
SAR, FEM, Maodeling of humem head, Biobile pheme,

INTRODUCTION
Tho most ivestigaed «ffect of BM cnengy o0 blological
dasoe it the rafremion of coorgy ceterning the tisnes
imy cressed kinetic epergy of 1he abarhing molecules,
thereby producing p general jestimg m the madiu. The
porwer absotbed by the tisoue wnll poodaet 8 wompersture
rise that is dependent on the cooling mechenivm of the tanw.
T pertems of the ek producing the heating are compie
furctoms of the Goquency, sewee conflguretion, s

peometry mnd dielectrie propesties of the tsfles. When e
ﬂmmmwmj':mbimyof&ummuemed.um
damage reral
When » biclegioal sytcrn i exposed to omcrowaye madistics,
an interoal Bold & induced in the syskn. To calculaton of
toy imkomal field s memed aa dosimelry [1). Tie
eloctromgnetic encrgy shetchsd per unit masy of txsoe is
called sperific shorption: rm (SAR) [1]:

G

SAR wEd —— (1)

W
whete; o: conductivity {md~ fm), p: donaity of dxsus

(g}, By: internal shetrical ﬂuld{\’:‘m}-

£-7803-7264-8002/417.00 & 2002 |IEEE

B, Qz=oy Demirbllek
Hofhuzigi Univarsity, Institals of
Bixmndicel Egpineering, Bebek,  Elsctromic Engiomoring Dhepartment,
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The developraent of modely oo predicr he absorpdon of
clectrmegnetiy cnagy and tha Muhgn
thermorngoliery maponet for the buman body has
procooded for srversl years, Pow slmlien ere sogomarized
bere ay follerwy:

In 1986, Ayting W, Onry €t al. studied on quantificetion of the
SAR-patterns in buman models exposed to UHF mobile-
sotenna  fiekds  uping  thermograghy, nompernobing
terperate probas et B-fGold sensitive diodes [2), Tha
exposure corditiors inclnded man, wxnan, end child wodals
in different posidons. In this study, full-eceld phusom
modals, wiich wern filled with synthetss ged havirg 0 same
diclectric propertics es burman muscles, wore wed. The et
of i siody was “the mobile-tokerrm st could e
aparuny] =fely with all of de ANSI RFPG raposats fuide
in ¢ceoms of both power density and nraxboum SAR".

In 2000, Nikita ot al. stodicd intoraction Seiwseen a Laywrod
Sphevical Head Model and a fnite-length dipale axbenne by
e metvd based on the combinatign +f the Green®s fimction
roethod with e MAS (methed of muxiliary sources) [3]

In 2000, Mangoud et al. combined the

method of momeots {Mokd) sad FOTD for the sicrulation of
huwren InTeracton with pol i pheexs (41, The results ofthe
o5ty were in exvelleos agreement with published resulty and
axpectetons. This method was csetll for analyzing complex,

problems,

On tho other hand, medira) rescerchizs hevvs boen sndying
thermal offecn end changes on the st ln vare of e
studics, WA, Noyes and al. repoctad that socersts chenges
in cochlear tomperatare (34 degress) of mbbitn al no
prodam bmeversible thermal damage to the sochieer ouker
hair ocils (5). W. Keck and pl. stodied conduction of termal
stimub ia the human temporst booo [6] and repicted tt te
eoyrpnuy difference acroas the hotizoniel somshouier
canal was of shorter duration than the absclule erpems
ChEnp

A8 i) tam bo eoen, the studies on electrommpnztio Tedistion of
ceilular phones ou the knaosn bead were performed either by
wing the FUTLY, PO, Momen Meltaod or phamioms. In o
stedy, the FEM wab need sad compered with the Hierature,
The caiculation of tw (aternal flekd i difficult o achievs
beceusz of many depeodem fmars; therefore, methematical
techniques thet consist of mumarically sclving Maxwell's
equations are gensrelly wsed o the computer sinralation. Tn
owmerical technigoes, Mucowell*y squanoes can be solved as



& wt of linewr equations by maimia ipversion or by immtive
tochniooey, (eemernlly, bwo uoerical metiods &t coployed:
I. The momen method

2. Finitp~clmrmere or finiw diffimesse aponche s

The Fimwe Elemey Method, which we wizd n chis suady,
has ji» orgin in the field of stnwhyml mmalygin The
epplicetion of FEM becomey eagicr with the problers
having imregularty shaped boundiric: brome te ue of
terahedral clements allows aoved sofeer w o
srpmyimated much mmduniupnﬂhle?r
cubjral blocks used in the Method of Momey wd o Fong
Drffireney Mathed [7].

Tns thix sy, the simulaton way performed uping HP Agilent
High Freguenry Swuehre Sioalater. Agilect HFSS i 2
software package fr eloctromeagmetic modeting of pexive,
three-dimeamonsl  soochores. Lt comprotts  scattering
parmmeter (S-parametss) mspoawr for multiple modes,
clecirio  feld  dishibubors mcheding  far-ficld  anbenna
udiation pattens, impodance and Propegation comzon fir
rauple mixies, The package vacs Maxwall's squetions e
mive for cheettie and mwgeetic fiekds snd  includes
dperioe: wath AntoCAD proprtn b handk worestricred
gotenotrics eod curploys the finftz ¢letnent rowdved. The
solation is performal e 4 dngle fegrenoy ar over & TEg0 of
freqoencion The pom proctaser of (e iftearo My
pessible b vlew pod emlyre the simulation dem Gl includs
E mnd H feioy, A fickd, und arowro pansmeders.

SULTRAYERED-SPHERICAL MODEL OF HUMAN
HEAD

Mudisyered Spherical Miodded, which approximairs the
priral cmnial sirctwe imedined by pless weve o te
cellube Frequencles moge, wes osed @ emde] uman hesd
by Bhayim lo 197) {B]. Weil exterxied iy work bn 1973 o
audy the sffoe af Aotspor s with changes in Brquoseies

i)
To solve fim dosimewy probiom cavsed by elecooamagnetic
midiation od komen body 19 ton compliceled. A o mesult we
only owdel the elschromageetic affechs oo e uman hewd,
Pigure | show that tho basio sphereal madel with 2 phma
wave, pelastaed i the x-direction and propagating in the 2
directipn, iscident upoo it {91,

The moded otk of & core of braitr-liks material (reglon,
P=l} saromded by sz concoamwio layen of diffeex
matarialy, The seveath Jsyer, P/ represents the air.

The ¢lectric fickly mdvond i & sphere or spherical Jayer of
tiansa by an incidest plone wirve ficld can be caloubited Aom
e general veoior spherical wave Molubictis of e wave
equarien, which ly based on Mie Theory and formipluted
Stratton. Mebeomta] demilks have boen goem by Sheapino ot
al [8]. The baske salution fuvohwes sxpedixg ihe incident
and seoradary [(soutaned and intcrgally mdeood) Belds inm
vector spharich! DETAcs.

™

X

Figory 1, Flase waye loc e opes spherical maded wih
i coneyniris thefts Amd che lncafiog of e Sl
aniin il 4n F¥ plans.

Alchoegh e mursbing niorom bead n v gyt s more
realiyde, i or posible e smde] uran bead in gngle Lyyer @
in teree luyen [J]. In cur shady, 3 stigle Lryered and threo
lrpered spherical endels with diameier of 20 em pere uted
w mocdal heanan hend and by o cogle-byered mods)l, te
STt Comsant g, of the homsn bosd wes @ico as 39.3
e etlpbevrrie ket e, which |0 24, » 0.0, g . 0.9
ol 0 0 1100 3] Eor thros-lyered modeling, ta bilasing
vElUey W caed

Tabe | The towes ard the properdey uss] |
Henlaiines

Liper | Tiame | Thickn | Rolaitvs | Cowiant | Dunsit | Lamy,
Mudilt | o Pernind | dvey | yp Tangest
4 e ye, ] g | (e
iy |}
[t ] Bminl o.10 | 568 | 0o |IG50, 0987
2 | Bone | 0N [ 31 0ll {1200 | 272
J | Sidn | 0.8 | 293 I J1oo| 3% !

Modeliug THpole Antestrs aed che Hoxen Hesd

The eizooe med in Somistion Wi odeled = 8 dipole
mtetam with e bangth of 5 cm. Tor volage e wae
Ioramd la v cenirr gap of the dipole moeane. The mnpo
power wia [ W. The distoce between besd snd anteons wag
145 am

Sl LN

The flale dement mesh wan oetted for the sroctue. The
sconcy of Lhe sohutbon deperda on vow zrmll each of he
fdfvichol elsmenm {=srabocim) i 1t was possible o ofine
the merh miza i the program. B, pereraring 2 Rokd schution
for mieshes with 8 lepy mumber of chommes requlred
significed wnowm of conpubing pewe: emd meEmory.




